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Although there exist two short reports on the expression siles of PrRP gene in rat 
brain using in situ hybridization (Minami et al. 1999) and immunohistocheinistry 
(Chen et al. 1999), the authors did not report the distribution of nerve terminals 
(sites of action) or the receptor. Furthermore, they did not suggest the involvement 
5 of PrRP and its receptor in autonomic regulation and pain. This study is the first one 
where the sites of action and direct effects of the applied peptide on blood pressure 
and pain are found. 

The G-protein coupled receptor UHR-1 was identified as a receptor of unknown 
function from the rat brain (Welch et al. 1995). A related human receptor GPR10 
10 was cloned from human tissue (Marchese et al. 1995), and identified as a PrRP 
receptor coupled to arachidonic acid pathway (Hinuma et al. 1998). 

SUMMARY OF THE INVENTION 

The object of this invention is to characterize the sites of expression of the RF- 
amide peptide PrRP, and the corresponding gene expression in the central and 
15 peripheral nervous systems to identify the sites where application of the peptide or 
related receptor ligands will modify acute or chronic pain sensation and autonomic 
functions, such as blo'od pressure. 

Another object of this invention is to provide potential applications of the PrRP 
peptide, its C-terminal peptide fragment and the corresponding receptor in 
20 developing treatments to disorders of the brain and central nervous system. 

Tn the invention it was found out that PrRP is expressed in areas important in 
autonomic regulation and pain, and that PrRP and its . C-terminal fragments display 
potent effects useful in drug development. 

The PCR cloned PrRP receptor (a G-protein coupled receptor resembling GPR10 
25 and UHR1, previously known as an orphan receptors) was expressed in area 
postrema, an area relevant for regulation of blood pressure and other autonomic 
functions. Both the human and the rat receptor were cloned. The receptor sequences 
are presented in figures 12 and 13. 

BRIEF DESCRIPTION OF THE FIGURES 

30 The invention will now be described in detail with reference to the figures, wherein: 



FIG. 1 shows PrRP gene expression in the rat CNS relative to the other. RF-amide 
peptide gene, NPFF using in situ hybridization. The left side shows PrRP, right side ' 
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NPFF expression. A) PrRP 111RNA is absent from the supraoptic and paraventricular 
nucleus, B) NPFF is expressed in the supraoptic and paraventricular nuclei. C) PrRP 
mRNA expression is seen hi the dorsomedial nucleus of the hypothalamus, D) 
NPFF mRNA is absent from the same area, E) No PrRP mRNA expression is 
5 evident in the rostral nucleus of the solitary tract (NTS), F) Strong expression of 
NPFF mRNA is seen in the same area, G) The caudal commissural part of the NTS 
displays strong PrRP mRNA signal, H) The dorsal spinal cord is devoid of PrRP 
mRNA, I) No PrRP mRNA expression is seen in the dorsal horn of the spinal cord, 
J) Strong NPFF mRNA expression is seen in the same site. 

10 FIG. 2 is a representation of immunohistochemistry of PrRP in rat brain using C- 
and N-terminal antisera: 

A) Nerve cell bodies in the commissural part of the NTS displaying immuno- 
reactivity for the N-terminus of PrRP20. Dorsal is to the left 

B) Strong PrRP immunoreactivity in the median eminence using an antiserum 
15 against the C-terminal peptide PrRP8 

C) Nerve fibers in the^ bed nucleus of the stria medullaris display immuno- 
reactivity for PrRP 

D) Nerve fibers iinmunoreactive for PrRP in lateral septum 

E) Nerve fibers immunore active for PrRP in the lateral and medial parabrachial 
20 nucleus . . 1 

F) Nerve fibers immunoreactive for PrRP in the rostral part of the nucleus of the 
solitary tract 

G) Nerve fibers immunoreactive for PrRP in the ventrolateral periaqueductal grey. 

FIG. 3 shows expression of the PrRP receptor mRNA in the brain. A) A strong 
25 receptor expression is seen in the reticular nucleus of the thalamus and associated 
with the periventricular zone of the third ventricle in the hypothalamus. B) PrRP 
receptor mRNA in the dorsal pons/medulla, C) a control probe shows no signal in a 
corresponding section, D) Area postrema displays strong receptor signal, E) a 
control probe shows no signal in a corresponding section. 

30 FIG. 4 shows the specificity of the PrRP in situ hybridization in two consecutive 
sections. A) Strong signal is seen when the section is hybridized with an antisense 
probe, B) No signal is evident when the section is hybridized with a sense probe. 

FIG. 5 is a curve showing the effect of intrathecally adminstered PrRP20 and PrRP8 
on acute pain 
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A) Effect of PrRP20 (at doses 5 and 10 nmol) or its C-tenninal octapeptide PrRP8 
(at dose 10 nmol) on tail-flick latency time in normal rats 

B) Effect of morphine and morphine + PrRP20 (5 nmol) on tail-flick latency time 
in normal rats. 

5 FIG, 6. Hindlimb withdrawal threshold induced by noxious mechanical stimulation 
(paw pressure test) following PrRP20 or saline in the brainstem. A) PrRP20 (5 
nmol) produced a significant increase in the threshold 10 min following the 
injection in the NTS. The threshold was at control level within 30 min. Saline did 
not induce any change in the threshold. *** p<0.005 (Tukey's test; ref: the 

10 corresponding threshold prior to drug injection). B) The dose-dependence of 
threshold elevation 10 min following injection of PrRP20 in the NTS, CVLM 
(caudal ventrolateral medulla) or PAG (periaqueductal grey). Saline had no effects, 
whereas PrRP20 in the NTS produced a dose-dependent threshold elevation. The 
increase of threshold by PrRP20 in the PAG was short of significance, and also the 

15 decrease of threshold by PrRP20 in the CVLM was short of significance. * p<0.05, 
*** p<0.005 (Tukey's test; ref: the saline group). C) Threshold 10 min following 
microinjection of saline, PrRP8 (O.Snmol), PrRP20 (0.5 nmol) or following PrRP20 
(0.5 nmol) logeLher with naloxone (1 mg/kg s.c. 5 min prior to PrRP20 injection). 
All microinjections into the NTS. PrRP20 produced a significant threshold elevation 

20 that was not reversed by naloxone. The effect of PrRP8 was short of significance. In 
each group n=4-10. 

FIG. 7. An example of heat evoked-blood pressure increase and hindlimb 
withdrawal latency following microinjection of PrRP20 (0.5 nmol) in the CVLM vs. 
NTS. A) Prior to injection into the CVLM. B) Five min following injection into the 
25 CVLM. C) Prior to injection into the NTS. D) Five min following injection into the 
NTS. Note. that the heat-evoked blood pressure increase is higher following PrRP20 
in the CVLM and this is accompanied by a decrease in latency of hindlimb 
withdrawal. 

H indicates the heat stimulus (from the baseline of 35 °C to peak temperature of 
30 54 °C). BP indicates the blood pressure. W indicates the hindlimb withdrawal 
measured with a piezoelectric device (arrow indicates the start of the withdrawal). 
. The horizontal calibration bar represents 5 s, and the vertical one 20 mrnHg for BP 
curves. * 

FIG. 8. A) The latency of the heat-evoked hindlimb withdrawal following micro- 
35 injection of PrRP20 (0.5 nmol) or saline in the NTS or CVLM. B) The change in 
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baseline (mean arterial) blood pressure 5 and 15 min following injection of PrRP20 
in the NTS or CYLM. C) The heat-evoked increase in blood pressure following 
PrRP20 in the NTS or CVLM. In D and C, 0 represents the corresponding pre-drug 
value. *p<0.05 (Tukey's test; ref: the saline group). n=4 in each group. 

5 FIG. 9. The antiallodynic effect of PrRP20 in the NTS and PAG in neuropathic rats. 
A) PrRP20 in the NTS produced a dose-dependend attenuation of tactile allodynia 
in neuropathic animals. According to Friedman ANOVA, the antiallodynia was 
significant at doses 0.5 and 5 nmol, but not at the dose of 0.2 nmol. B) PrRP20 in 
the PAG also produced a significant attenuation of tactile allodynia at the dose of 
10 0.5 nmol but not at the dose of 0.2 nmol. n=4-6 in each group. 

Fig. 10 shows the effect of intravenously adminstered PrRP8 on blood pressure. 

A) Effect of intravenous PrRP8 (18 jxg/kg) on blood pressure in the rat 

B) Effect of intravenous PrRP8 (45 p.g/kg) on blood pressure 

C) Effect of intravenous PrRP 8 (90 jig/kg) on blood pressure 
15 D) Effect of intravenous PrRPS (126 ng/kg) on blood pressure. 

FIG. 11. Effect of intravenously injected PrRP20 on blood pressure. 

A) Saline injection did not affect blood pressure in the rat 

B) PrRP20 at a dose of 220 jag/kg induced a rapid increase in blood pressure in 
the same rat. 

20 Fig. 12 shows the rat receptor sequence SEQ ID NO:2. 

Fig. 13 shows the human receptor sequence SEQ ID NO:3. 
DETAILED DESCRIPTION OF THE INVENTION 

The experiments carried out and described here were performed in rat and mouse. 
The presence and expression of the PrRP peptide and its corresponding receptor are 
25 believed to be present in similar locations and display similar functions in other 
mammals including man. 

The presented invention is directed to the observation that PrRP is a central 
regulator of pain mechanisms and autonomic functions. The expression pattern of 
the peptide with nerve cellbodies expressing both mRNA and peptide immuno- 
. 30 reactivity in NTS (nucleus tractus solitarii) and ventrolateral medulla indicate that 
the PrRP peptide is found in appropriate neural systems. Furthermore, the nerve 
terminals displaying PrRP-immunoreactivity were found in these areas, and in the 
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parabrachial area and the periaqueductal grey, which indicates that these areas not 
only contain cells capable of producing the peptide but are also targets of their 
innervation. The PrRP receptor was also found in an area suitable for such a 
function. Finally, direct application of the peptide into these areas induced strong 
5 analgesic (NTS) and mild hyperalgesic (CVLM) effects, indicating directly the site 
(NTS) in the brain where the analgesia is generated by PrRP20. Furthermore, 
PrRP20 had an antiallodynic effect on neuropathic animals when adminstered into 
the NTS or PAG. In addition, recordings of blood pressure indicated that PrRP2Q in 
the CVLM facilitates heat-evoked blood pressure response (a somato-autonomic 
10 reflex) concomitantly with the facilitation of heat-evoked hindlimb withdrawal 
response (a. somatomotor reflex). This finding indicates that PrRP20 in the CVLM 
has pain facilitatory effects. 

Different effects indicate that several neural systems within the medulla are 
involved, and suggest that the effects may be modulated by interneurons. Lack of 
15 analgesic effects in the spinal cord is in agreement with lack of peptide immuno- 
reactivity and lack of PrRP rnRNA. It is also a clear indication that the mechanism 
that PrRP utilizes differs from those of NPFF. 

The nucleus of the solitary tract and ventrolateral medulla are important for 
regulation of blood pressure. Strong cellular and terminal PrRP-immunoreactivity in 

20 these locations suggests that blood pressure may be regulated by PrRP, and direct 
intravenous injection of the peptide showed this to be true. However, strong 
expression of the PrRP receptor in the area postrema, an area immediately adjacent 
to nts and involved in autonomic regulation, suggests that also bloodborne peptide 
may potentially modulate autonomic functions through this site. It seems that the 

25 receptor protein is produced in area postrema, transported to distal ramifications, 
which extend to e.g. NTS, one candidate structure for mediation of effects on blood 
pressure. 

Here we find that the RF-amide peptide genes (PrRP and NPFF) are expressed in 
restricted areas of the CNS only, and their functions are therefore likely to be highly 

30 specific. It is shown for the first time that the mammalian RF-amide peptide gene 
PrRP is highly expressed in the medulla and moderately expressed in the hypo- 
thalamus, whereas almost all other brain areas display very low or no expression at 
all, and nerve terminals containing the active peptide display limited distribution in 
areas relevant for regulation of pain, autonomic functions, hormonal regulation and 

35 limbic functions. More specifically, the peptide and its receptor appear to be 
important in regulation of autonomic functions mediated by medullary mechanisms. 
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These functions include blood pressure and heart regulation. On the other hand, the 
peptide is found in the hypothalamus, where it is involved in hormonal regulation. 
Considering die unique projections of RF-amide related peptide systems from the 
hypothalamus to both limbic areas (amygdala) and medulla (Aarnisalo et ah 1995, 
5 Panula et al 1996) and the expression of PrRP gene in this nucleus as shown here, 
this RF-amide containing peptide PrRP may also play essential roles in limbic 
functions including emotional components of feeding and drinking, - and memory. 
Intrestingly, the expression of the RF-amide peptide genes was restricted to only a 
few sites in the CNS, and these were complementary rather that overlapping: NPFF 

10 was expressed strongly in the dorsal horn of the spinal cored, whereas PrRP was 
absent form this site. In the medulla, PrRP was found in the caudal and commissural 
parts of the nts, whereas NPFF was limited to the rostral parts of the nts. In the 
hypothalamus, PrRP was not found in the supraoptic and paraventricular nuclei, 
which contained NPFF mRNA expressing neurons. The area between the 

15 dorsomedial and ventromedial nucleus harbored a group on neurons, which 
displayed PrRP but not NPFF mRNA. 

The fact that the expression levels of NPFF and PrRP genes in the periphery 
appears to be very low (data not shown) suggests that it may be possible to plan 
treatment of GNS disorders, especially those related to autonomic functions and 
20 hormonal regulation, without major peripheral side effects. 

The main site of PrRP gene expression in rat medulla oblongata, the commissural 
nucleus tractus solitarii receives a major input from glossopharyngeal and vagus 
nerves, and signals to the forebrain, mesencephalon and pons, especially to cells 
that control the autonomic and neuroendocrine functions. It is also reciprocally 
25 connected to groups of cells, which innervate sympathetic and vagal preganglionic 
neurons, thus creating a putative feedback mechanism (Loewi and Spyer 1990). 

Sympathetic outflow is regulated by reciprocal pathways between the nts, 
ventrolateral medulla, the catechoiaminergic cell groups, and the parabrachial 
nucleus (Loewi and Spyer 1990). All of these areas contain components of the PrRP 
30 neuronal system, which suggests that the peptide may regulate sympathetic 
functions by several mechanisms. 

This is the first report on the effect of PrRP on pain in normal and neuropathic 
animals. It is particularly interesting that the effect is limited to the brain, and spinal 
mechanisms do not seem to be involved. Furthermore, application of the peptide to 
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another site (CVLM) had a hyperalgesia effect. The site-specific nature of the 
. effects suggests that multiple mechanisms may operate in the medulla. 

Taken together, the results indicate that two RF-amide peptide encoding genes, 
PrRP and NPFF, are expressed in a complementary manner in the medulla 
5 oblongata. Crucial sites for regulation of pain and autonomic functions, including 
blood pressure, are innervated by nerve fibers immunoreactive for PrRP, and the 
corresponding receptor is also found in area postrema; an important regulatory site 
in autonomic functions. Pharmacological treatment of rats confirmed that PrRP and 
itse C-tenninal octapeptide strongly modulate blood pressure, whereas only the full- 
10 length PrRP20 modulated pain responses in rats. The results also therefore suggest 
that the C-terminal octapeptide is sufficient for some pharmacological actions, 
whereas longer fragments are needed for other functions. Also a shorter C-terminal 
sequences of PrRP are likely to be active. 

It was found that administering the PrRF20 peptide or its C-terminal fragment 
15 PrRP8 intravenously to an animal increases the arterial blood pressure. Increase in 
blood pressure is important for example in schock treatment and also in some other 
conditions where blood pressure is decreasing. This indicates also that blockage of 
PrRP C-terminal receptors in the central nervous system, especially in the medulla 
oblongata, and periphery is a useful mechanism in treatment of high blood pressure. 

20 In the performed experiments it was found out that intrathecal PrRP20 peptide did 
not modulate acute pain, neuropathic pain or morphine analgesia, which is in 
agreement with the lack of peptide gene expression and immunoreactivity in the 
spinal cord. However, when administered directly into the nucleus of the solitary 
tract, the peptide had a potent analgesic effect in the paw pressure test. In the 

25 ventrolateral medulla, the peptide displayed a mild hyperalgesic effect. In the 
central grey the peptide was noneffective except in neuropathic animals. The results 
suggest that PrRP20 displays site-specific effects on analgesia, which are not 
mimicked by the shorter C-terminal peptide PrRP8. 

It is also evident that a person suffering from a disorder regulated by a receptor 
30 located in the central nervous system can be treated by administering to said person 
an antagonist or agonist to the PrRP receptor. Agonists and antagonists of PrRP20 
peptide acting through the corresponding receptor are useful in treatment of acute, 
pain, inflammatory pain and neuropathic pain. 
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Therapeutic compositions may be provided comprising the PrRP peptide or its C- 
terminal fragments with a pharmaceutically acceptable carrier or diluent. 

Administering of PrRP or its C-terminal octapeptide to rats has been perfonned 
intravenously with doses of 18-220 jig/kg for regulating blood pressure, and 
5 intrathecally with doses 0.5-10 nmol for treating pain. For humans the doses are 
probably smaller per weight. 

In addition to autonomic and sensory regulation, gene expression data suggests that 
PrRP may be involved in a number of other functions. It has been previously found 
that the central hypothalamic area between the dorsomedial and ventromedial nuclei 

10 contains cells immunore active for RF-amide peptides (Kivipelto et al. 1989, .1991); 
These cells send projections to both limbic and medullary areas, including amygdala 
and nts (Aarnisalo and Panula 1995). These cells are thus critically positioned in the 
hypothalamus to link the medullary autonomic regulatory centers to the limbic 
system (Panula et al. 1996). It is likely that PrRP, or a closely related peptide, 

15 would play crucial roles in regulating the limbic functions. 

Expression of the PrRP receptor in the thalamic reticulafy nucleus suggests that a 
PrRP -like peptide may regulate cortical information gating by modulating thalamic 
input to cortex. This would indicate that RF-amide peptides including PrRP, 
although not prominent in cortical areas, may participate in regulation of higher 
20 functions including' attention, alertness and memory, and epilepsy, through thalamic 
and limbic systems. 

The invention also suggests that it can be provided a method of activation of RF- 
amide receptors in the lactotrope cells to induce prolactin release and thus to 
develop receptor-specific ligands using binding "analysis of RF-amide peptides on 
25 membranes of these cells, or prolactin release as a test assay. 

It is also possible to provide diagnostic methods for identification of genetic 
disorders involving altered nervous and hormonal function. Diagnostic procedures 
for hormonal and CNS disorders, including those associated with female 
' reproduction and lactation, pain or autonomic regulation, or male fertility can be 
30 based on the sequence of the coding area or regulatory domain of the. PrRP gene. 
These may utilize the specific antisera developed here against the N-and C-terminal 
domains of PrRP20. 

The invention will be further described with reference to the following non-limiting 
examples. 
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Example 1. 

Cloning of a GPR10/URR-l-r elated PrRP receptor 

The following primers were used to clone a receptor closely resembling the one 
reported to respond to PrRP in biological assays: 

5 CGAATTCCTCAGATGACACGCTGACGGTCATATTCT 
GGAATTCAGGT'GGCCATGACCTCACTGACCCCTGG . 

The primers were designed from the published sequence of UHR-1 (Welch et al., 
1995). The cloned rat receptor (SEQ ID No 2) had 4 base -substitutions resulting in 3 
amino acid differences as compared to the previously reported receptor (Welch et 
10 al, 1995) and it differed from the reported PrRP receptor (Hinuma et al. 1998). The 
corresponding human sequence was also revealed (SEQ ID No 3). The cloned 
human receptor had a one-base difference with the sequence described by Hinuma 
et al., resulting in a difference in one amino acid (Hinuma et al, 1998). The 
sequences are shown in Figures 12 and 13. 

15 For cDNA synthesis RNA was isolated from lactating rat brain by RNazol B (Tel 
Test, Inc., TX, USA). Synthesis of the complementary DNA was performed with 
M-MuLV reverse transcriptase (Pharmacia). This cDNA was used as template in 
PCR amplification by Dynazyme 11 polymerase (Finzymes) with the above 
mentioned primers: 

20 95 °C for 1 min, 55 °C for 30 s, 72 °C for 30 s and repeated for total of 30 cycles. 
The program was run- across a temperature gradient (T= 58 °C +/- 10 °C) with 
Mastercycler Gradient Machine (Eppendorf). 

Example 2. 

Generation of antibodies to PrRP 

25 The peptides TPDINPAWYAGRGIRPVGRF-NH2 (corresponding to PrRP20) 
(SEQ ID NO:l). and .the C-terminal fragment GIRPVGRF-NH2 (corresponding to 
PrRP8) were synthesized using the solid-phase system, and purified by serial 
reversed-phase HPLC runs. The purity was confirmed from a single HPLC peak 
using mass, spectrometric analysis. They were coupled to succinylated keyhole 

30 - limpet hemocyanin (KLH; Sigma, St. Louis, MO) with l-ethyl-3,3 (dimethylamino- 
propyl) carbodiimide (EDAC; Sigma) as described earlier (Panula et al. 1982) and 
antisera were produced in rabbits. 
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The same peptides were also synthesized as multiple-antigenic peptides (MAPs) to 
facilitate antibody production. The MAPs were injected intradermally to rabbits 
. with 500 jig of the conjugate of MAP peptide with 500 jal of Freund's complete 
adjuvant. After five weeks, a booster injection was given (300 jig of conjugate in 
5 500 yl of Freund's incomplete adjuvant). Sera were collected and tested for 
presence of antibodies against PrRP-Hke peptides using dot-blot tests and immuno- 
cytochemistry using brain sections through areas containing PrRP mRNA. Specific 
antisera, which recognized neural structures in the brain and gave no such reaction 
when prcadsorpbed with corresponding peptides, were generated. 

10 Example 3, 

In situ hybridization probes 

Oligonucleotides for in situ hybridization were generated with a DNA synthesizer 
according to the published sequences of rat NPFF, PrRP and PrRP-receptor. Probes 
NPFF (CAA GCA TTT CTA CCA AAC CTC TGG GGC TGA AAC AAG AAG 

15 GCT GGG TTC CTT CTA and GGG AAG TGA TTT TGC ATG CAG ACA TAT 
CAC AGC AGA TGA TGT TAC TTC TT), PrRP (TTG ATA CAG GGG TTC 
. TTGG TCT CCA TGG AGT GCT GGT GGG CTC GGCC CTG GA), 
GRP10/UHR-l-related PrRP receptor (TGC GC TCT GGG AAC CGT CGC AGA 
CAC ATT GCT CTC TGA AGC CTC TGC ACT and AGC GCC AGC ACT GCA 

20 GAT AGA GCC CAG ATG CCC AGC ACA GCG TAG GCG CTG) were labelled 
with deoxyadenosine 5'-a(-thio)triphosphate ( 35 S) (NEG-034H) (DuPont NEN 
Research products, Boston, MA, USA) at their 3 -ends using terminal 
deoxynucleotide transferase (Promega, Madison, WI, USA) according to the 
manufacturer's protocol. The purifications were done in Sephadex G-50-columns. 

25 The labelled probes with specific activities of 1-2 x 10 9 cpm/jig were stored at 
-20. °C in 10 mM dithiotreitol (DTT) until used!. A 50-mer oligonucleotide probe 
complementary to Staphylococcus Aureus chloramphenicol acetyltransferase was 
used as one of the controls. 

Example 4. 

30 In situ hybridization 

The procedure used for in situ hybridization with oligonucleotide probes has been 
described before (Dagerlind et aL, 1992) and was used with minor modifications. 
Before hybridization with oligonucleotide probes, the sections were left to air-dry at 
room temperature for 30 min. The slides were illuminated with UV light for 5 min 
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at a distance of 25 cm to increase the hybridization (Schambra et at, 1994). 
Sections were hybridized 20-24 h at 45 °C (PrRP), 50 °C (PrRP -receptor) or 55 °C 
(NPFF) in a humidified chamber with 200 p.1 of hybridization buffer containing 
50% deionized formamide, 4 x SSC (0.6 M sodium chloride, 0.06 M sodium 
citrate), 1 x Denhardt's solution (0.02% polyvinylpyrrolidone, 0.02% Ficoll, 0.02% 
bovine serum albumin), 1% sarcosyl (N-lauroylsarcosine), 0.02 M sodium 
phosphate (PB; pH 7.0), 10% dextran sulphate, 500 |ig/ml denaturated salmon 
sperm DNA (ssDNA), 250 ^ig/ml transfer RNA (tRNA), 200 mM DTT and 10 7 
cpm/ml of the labeled probe (NPFF, PrRP or PrRP-reccptor) or S. aureus 
chloramphenicol acetyltransferase control probe. After hybridization the slides were 
dipped in 1 x SSC at room temperature, shortly washed with 1 x SSC at 56 °C and 
then three times 20 min at 56 °C in 1 x SSC. They were left to cool to room 
temperature in fresh 56 °C 1 x SSC before dehydration with ethanol (a dipp in 
distilled water and then 30 sec each in 60%, 80% and absolute ethanol). Tissue 
sections were then apposed to Kodak BioMax MR-£ilm fur 10 days and after that 
dipped in Kodak NTB2-emulsion and exposed for 50 days. As an additional control, 
along with the S. aureus chloramphenicol acetyltransferase probe, a competitive 
hybridization was performed with a 100-fold excess of unlabelled NPFF, PrRP or 
PrRP-receptor oligonucleotide in the hybridization buffer, to abolish all specific 
hybridization signal. Representative slides from all brain areas were stained with 
toluidine blue or creSyl violet to allow identification of brain nuclei, neurons. 

The two genes encoding for RF-amide peptide genes (NPFF and PrRP) were 
expressed in key areas of the brain known to be involved in regulation of blood 
pressure and heart functions', arid honnonal regulation. Specifically PrRP was 
expressed in dorsal medulla oblongata, including the nucleus of the solitary tract 
and ventrolateral medulla, and in central hypothalamus. NPFF was expressed in the 
solitary tract nucleus, in the spinal trigeminal nucleus and in the supraoptical and 
paraventricular nucleus of the hypothalamus. NPFF but not PrRP was expressed in 
the dorsal horn of the spinal cord. 

The receptor for RF-amide peptides related to GPR10 was expressed in central 
hypothalamus, thalamic reticular nucleus and medulla oblongata, in particular in the 
area of postrema. 
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Example 5. 
Image analysis 

Quantification of autoradiographic in situ hybridization films was done by digitizing 
the film images with a computer-based MCID image analysis system (Imaging 
5 Research, St Catherines, Ontario, Canada) and by measuring different brain areas in - 
gray-scale pixel values. The relative optical density is converted to a linear gray . 
scale value based on an appropriately derived 14 C-standard curve essentially as 
described in our previous reports (Lintunen et al. 1998, Vilim et al. 1999). 

Example 6. 

10 Immuno cytochemistry 

Immunohistochemistry was performed using specific antisera against the C-termini 
of the two active peptides, NPFF and NPSF, present in the NPFF precursor, and 
PrRP. Normal or colchicine-treated male Wistar rats (250-300 g) were perfused 
with 4% paraformaldehyde and brain sections were processed for immuno- 
15 fluorescence as described (Kivipelto et al., 1989). Primary antisera were diluted 
1:500 - 1:20 000, and preadsorption controls with several peptides were carried out 
as described earlier (Kivipelto et al., 1989). 

For comparison, antisera against the NPFF gene-related peptides NPFF and NPSF 
were similarly applied. Data for PrRP is illustrated in FIG. 2. 

20 Immunocytochemistry with antibodies against NPSF, a typical RF-amide peptide, 
revealed extensive fiber and terminal networks in the lateral the parabrachial 
nucleus, the solitary tract nucleus, ventrolateral medulla, amygdala, bed nucleus of 
the stria medullaris, and several hypothalamic nuclei. The antiserum was C- 
teiminally specific, which suggests that the immunolocalization represents a group 

25 of related peptides. Immunocytochemistry of PrRP verified the results obtained for 
coixesponding mRNA with in situ hybridization and confirmed that PrRP gene- 
derived peptides are formed and stored in key regulatory areas- of the medulla. Large 
neurons displaying strong TPDINPAWYAGRGIRPVGRF-NH2-immunoreactivity 
(PrRP20-ir) were seen in the commissural part of the nucleus of the solitary tract 

30 Fiber projections emanating from this area were seen to extend to anterior and . 
posterior directions, and to the ventrolateral direction. Extensive terminal networks 
were seen in other pails of the nucleus of the solitary tract, trigeminal complex and 
several nuclei of the ventral and lateral medulla oblongata, lateral and medial 
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parabrachial nucleus and ventrolateral periaqueductal grey. Nerve cell bodies were 
also seen in the ventrolateral medulla and the hypothalamus on the level of 
dorsomedial and ventromedial nuclei. Fibers were also seen in the several 
hypothalamic sites, most notably in the median eminence with the c-terminally 
5 oriented antiserum, -and in the paraventricular and periventricular areas and lateral 
hypothalamus with both c-terminally and N-terminally oriented antiserum. Of the 
limbic areas, the bed nucleus of the stria tcrminalis and lateral septum displayed 
distinct fiber networks. Dense fiber networks in the paraventricular and lateral 
hypothalamic areas indicate involvement of the PrRP in regulation of food intake. 

10 Example 7. 

Neuropathic pain model 

The model of Kim and Chung was applied as described earlier (Kontinen et al. 
1997) was used. The animals were anesthetized with halothane, and left L5 and L6 
spinal nerves were exposed, isolated and ligated tightly with 6-0 silk thread. Rats, 
15 which developed significant mechanical allodynia (threshold for paw withdrawal 
after von Frey hair stimulation with the force of 4.2 g or less) at two weeks from the 
ligation were used. Intrathecal cannulation was done as described (Kontinen et al. 
1997). 

The results of intrathecal injections are presented in figure 5. From the figure it can 
20 be seen that intrathecal PrRP had no effect on pain in this model. PrRP 20 in the 
NTS and also in the PAG had a significant antiallodynic effect in neuropathic 
animals (Fig. 9). 

Example 8. 

Testing of analgesia and allodynia 

25 The heat-induced tail flick response was determined using a radiant heat device. The 
heat beam was focused on the tail and the tail flick time was recorded. 

Intrathecal admins trati on of PrRP revealed that the peptides were ineffective on the 
level of the spinal cord. In normal rats, there were no significant antinociceptive 
effects (tail flick test) with either PrRP or its C-terminal octapeptide fragment at 
30 doses 0,5, 5 or 10 nmol (Fig. 5A). An i.t. dose of 5 nmol did not significantly 
modify the antinociceptive effect of morphine (Fig. 5B). In neuropathic rats, i.t. 
doses of 5 or 10 nmol of the C-terminal octapeptide did not change cold allodynia 
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or mechanical allodynia. Injection of the PrRP20 peptide into the NTS induced a 
strong antinociception after mechanical stimulation. The effect was evident 5 min 
after admistration, maximal <20 min (Fig. 6). PrRP8 was ineffective at NTS (Fig. 6). 
In the ventrolateral medulla (CVLM), similar injection of PrRP20 induced mild 
5 hyperalgesia (Fig..6B). In the periaqueductal grey the peptide was ineffective when 
tested in healthy animals (Fig. 6B). The antinociceptive effect induced by intra- 
cerebral drug injections was tested in healthy animals using paw pressure test as 
described earlier (Wei et al., 1998). The technique of intracerebral drug injections is 
described in detaii~elsewhere (Wei et al. 1998). Testing of tactile allodynia was 
10 performed using a series of calibrated monofilaments as described earlier (Wei et 
al., 1998). 

Adminstration of the peptide into the central grey of neuropathic rats had an 
antiallodynic effect (Fig. 9B). Also in the NTS PrRP20 had a dose-dependent 
antiallodynic effect in neuropathic animals (Fig. 9 A). 

15 Example 9. 

Blood pressure recordings after intracerebral injections 

Rats were anesthetized with pentobarbitone and placed in a standard stereotaxic 
frame. For microinjections of the drug into the CVLM or PAG a guide cannula was 
placed in the brainstem. For recording of hindlimb withdrawal, a piezoelectric 

20 device was glued to the hindlimb. For recording of average blood pressure, an intra- 
arterial catheter was placed into carotid artery and it was connected to a calibrated 
blood pressure transducer (Harvard Apparatus Inc). The noxious heat stimuli (52 °C 
of 5 s duration) were, applied from a feedback-controlled contact thennostimulator 
(LTS3, Thermal Devices Inc..) to the "glabrous skin of the hindpaw. The responses 

25 were recorded on a digital storage oscilloscope. 

The basal blood pressure, the heat evoked blood pressure increase and the latency of 
heat-evoked limb withdrawal were recorded prior to drug injections and at various 
intervals following the drug injections. Recordings of blood pressure indicated that 
PrRP20 in the CVLM facilitates heat-evoked blood pressure response (a somato- 
30 autonomic reflex) concomitantly with the facilitation of heat-evoked hindlimb 
withdrawal response (a somatomotor reflex). This finding presented in Figs. 7 and 8 
indicates that PrRP20 in the CVLM has pain facilitatory effects. 
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Example 10. 

Blood pressure measurements after Lv. injections 

Rats were anesthetized with urethane or isoflurane and the femoral vein and artery 
were cannulated. The Grass recording system was used after the pressure gage was 
5 connected to the arterial tubing. The peptides TPDINPAWYAGRGIRPVGRF-NH2 
(corresponding to PrP20) and the C-terminal fragment GIRPVGRF-NH2 
(corresponding to PrRP8) were injected intravenously, and arterial blood pressure 
was monitored. 

The results are shown in figures 10 and 11. Intravenous injection of PrEJP20 at a 
10 dose of 220 ng/kg (Fig. 11) or its C-terminal octapeptide fragment PrRP8 at doses 
18-126 jag/kg (Fig. 10) induced a clear increase in arterial blood pressure 
(maximally 70 or 60 mmHg in systolic and 40 and 30 in diastolic pressure, 
respectively), and increase in heart rate (30-50 bpm, from 36.0 to 390-420 bpm). In 
the same animals, saline was without an effect (Fig. 11 A) and phenylephrine 
15 induced a clear increase in pressure. 

The invention has been illustrated by examples and embodiments, but it may be 
varied in many ways. Such variations are not to be regarded as a departure from the 
spirit and scope of the invention and all such modifications are intended to be 
included within the scope of the enclosed claims. 
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Claims 

What is claimed is: 

1. A C-teiminal fragment of an isolated prolactin-releasing peptide (PrRP) having 
the amino acid sequence of TPDINPAWYAGRGIRPVGRF-NH2 (SEQ ID NO:l) 

5 referred to as PrRP20. 

2. A C-terminal fragment of claim 1, wherein the C-teiminal fragment is a 
peptide having the amino acid sequence of GIRPVGRF-NH2 refeixed to as PrRP8. 

3. A therapeutic composition comprising the C-terminal fragment of an isolated 
prolactin-releasing peptide (PrRP) having the amino acid sequence of 

10 TPDINPAWYAGRGIRPVGRF-NH2 (SEQ ID NO:l) referred to as PrRP20 and a 
phaimaceutically acceptable carrier or diluent. 

4. A therapeutic composition comprising the C-terminal fragment of an isolated 
prolactin-releasing peptide (PrRP) having the amino acid sequence of GIRPVGRF- 
NH2 referred to as PrRP8 and a pharmaceutically acceptable carrier or diluent. 

15 5. A method of regulating autonomic functions, such as blood pressure, which 
comprises administering a sufficient amount of a C-terminal fragment of an isolated 
prolactin-releasing peptide (PrRP) having the amino acid sequence of 



TPDINPAWYAG RGIRPVGRF-NH2 (SEQ ID NO:l), or a C-terminal fragment 



20 6. A method of claim 5, wherein the C-terminal fragment is a peptide having the 
amino acid sequence of GIRPVGRP-NH2. 

7. The method of claim 6, wherein arterial blood pressure is increased. 

8. A method of treating pain, which comprises administering a sufficient amount 
of a C-terminal fragment of a prolactin-releasing peptide (PrRP) having the amino 

25 acid sequence of TPDINPAWYAGRGIRPVGRF-NH2 (SEQ ID NO: 1). 

9. Use of a C-terminal fragment of a prolactin-releasing peptide (PrRP) having 
. the amino acid sequence of TPDINPAWYAGRGIRP VGRF-NH2 (SEQ ID NO:l), 

or a C-terminal fragment thereof for preparing a medicament for regulating blood 
pressure. 



thereof. 
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10. The use of claim 9, wherein the C-terminal fragment is a peptide having the 
amino acid sequence of GIRPVGRF-NH2. 

11. Use of a C-terminal fragment of a prolactin-releasing peptide (PrRP) having 
the amino acid sequence of TPDINPAWYAGRGHIPVGRF-NH2 (SEQ ID NO:l) 

5 for preparing a medicament for treating pain. 

12. A method for the treatment of a person suffering from a disorder regulated by 
a receptor (SEQ ID NO 3 and 4) located in the central nervous system comprising 
administering to said person a sufficient amount of an agonist or antagonist to the 
receptor. 

10 13. A method of claim 12 for treating of high blood pressure comprising 
administering to. said person an antagonist to the receptor. 

14. A method of claim 12 for treating of acute pain, inflammatory pain or 
neuropathic pain comprising administering to said person an agonist or antagonist to 
the receptor. 

15 15. A method of regulating autonomic functions or treating of acute pain, 
inflammatory pain or neuropathic pain, which comprises administering a sufficient 
amount of an agonist or an antagonist of PrRP peptide or its C-terminal fragment. 

16. A method of treating, high blood pressure, which comprises blocking of 
receptors of prolactin-releasing peptide (PrRP) or its C-teiminal fragment. 

20 17. A diagnostic method based on antisera against PrRP20 for identification of 
disorders involving the CNS, including those associated with pain or autonomic 
regulation, wherein specific antisera against the N- and/or C-terminal domains of 
PrRP is used to identify alterations in PrRP synthesis or levels. 

18. A rat receptor having the SEQ ID NO :2. 



19. 



A human receptor having the SEQ ID NO:3. 
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Figure 3e 
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PrRP 20 in NTS: Tactile ailodynia 
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Figure 12 SEQ ID No 2 

Rat UHR-1 like PrRP receptor Length: 1122 

1 CAGGTGGCCA TGACC7CAC7 GCCCCC7GGA ACCACT GGGG ACCCCGAT77 
51 GTTTTCTGGG CCGTCGCCAG CCGGCTCCAC TCCAGCCAAC CAGAGTGCAG 
101 AGGCTTCAGA GAGCAATGTG " TCTGCGACGG TTCCCAGAGC TGCAGCAGTC 
151 ACGCCGTTCC AGAGCCTGCA ACTAGTGCAC CAGCTGAAGG GACTGATCGT 
201 GATGCTGTAC AGCA7CG7GG TGGTCGTGGG TCTGGTGGGC AACTGCCTTC 
251 TTGTGCTGGT GATCGCGCGC GTGCGCCGGC TGCACAACGT GACCAACTTC 
301 CTCAT CGGCA ACCTGGCCTT GTCCGATGTG CTCATGTGTG CCGCCTGTGT 
351 GCCTCTCACG CTGGCCTACG CCTTTGAACC TCGTGGCTGG GTGTTCGGTA 
401 GAGGCCTGTG CCACCTTGTT TTCTTCCTGC AGCCGGTCAC CGTCTACGTA 
451 TCGGTGTTCA CACTCACCAC AATCGC7GTG GACCGCTA7G TGGTTCTGGT 
501 GCACCCGCTA CGTCGGCGCA TTTCACTGAA GCTCAGCGCC TACGCTGTGC 
551 TGGGCATCTG GGCTCTATC7 GCAGTGCTGG CGCTGCCGGC CGCGGTGCAC 
601 ACCTACCATG TAGAGCTCAA GCCCCACGAC GTGCGCCTCT GCGAGGAGTT 
651 C7GGGG77CG CAGGAGCGCC AGCGACAGAT CTATGCCTGG GGGCTGCTGC 
701 TGGGCACCTA TTTGCTCCCC CTGCTGGCCA 77CTCCTGTC T7ACG7CCGG 
751 GTG7CGG7GA AG77GCGGAA CCGCG7GG7G CC7GGCAGCG 7GACCCAGAG 
801 CCAGGC7GAC 7GGGACCGAG CGCGTCGCCG 7CGCAC777C -7GCC7GC7GG 
851 7GG7GG7GG7 GG7CG7G77C GCGG7C7GC7 GGC7GCC7C7 GCACA7777C 
901 AACC7GC7GC GGGACC7GGA CCCGCG7GCC A7CGACCCC7 ACGCC77CGG 
951 GC7GG7GCAG C7CC7C7GCC AC7GGC77GC CA7GAGC7CC GCC7GC7ACA 
1001 ACCCC77CAT C7A7GCG7GG C7GCACGACA GC77CCGAGA GGAGC7ACGC 
. 1051 AAGACGC77C 7G7C77GGCC CCGCAAGATC G7GCC7CA7G GCCAGAA7A7 
1101 GACCG7CAG7 GTGGTCATCT GA ■ 



Figure 12 



WO 01/09182 PCT/FI00/00664 

13/13 

Figure 13 SEQ ID No 3 

Human GPR-10 like PrRP receptor Length: 1122 

1 CAGGTGGCCA TGGCCTCATC GACCACTCGG GGCCCCAGGG TTTCTGACTT 
51 ATTTTCTGGG CTGCCGCCGG CGGTCACAAC TCCCGCCAAC CAGAGCGCAG 
101 AGGCCTCGGC GGGCAACGGG TCGGTGGCTG GCGCGGACGC TCCAGCCGTC 
151 ACGCCCTTCC AGAGCCTGCA GCTGGTGCAT CAGCTGAAGG GGCTGATCGT 
201 GCTGCTCTAC AGCGTCGTGG TGGTCGTGGG GCTGGTGGGC AACTGCCTGC 
251 TGGTGCTGGT GATCGCGCGG GTGCGCCGGC TGCACAACGT GACGAACTTC 
301 CTCATCGGCA ACCTGGCCTT GTCCGACGTG CTCATGTGCA CCGCCTGCGT 
351 GCCGCTCACG CTGGCCTATG CCTTCGAGCC ACGCGGCTGG GTGTTCGGCG 
4 01 GCGGCCTGTG CCACCTGGTC TTCTTCCTGC AGCCGGTCAC CGTCTATGTG 
451 TCGGTGTTCA CGCTCACCAC CATCGCAGTG GACCGCTACG TCGTGCTGGT 
501 GCACCCGCTG AGGCGGCGCA TCTCGCTGCG CCTCAGCGCC TACGCTGTGC 
551 TGGCCATCTG GGCGCTGTCC GCGGTGCTGG CGCTGCCCGC CGCCGTGCAC 
601 ACCTATCACG TGGAGCCCAA GCCGCACGAC GTGCGCCTCT GCGAGGAGTT 
651 CTGGGGCTCC CAGGAGCGCC AGCGCCAGCT CTACGCCTGG GGGCTGCTGC 
701 TGGTCACCTA CCTGCTCCCT CTGCTGGTCA TCCTCCTGTC TTACGTCCGG 
751 GTGTCAGTGA AGCTCCGCAA CCGCGTGGTG CCGGGCTGCG TGACCCAGAG 
801 CCAGGCCGAC TGGGACCGCG CTCGGCGCCG GCGCACCTTC TGCTTGCTGG 

' 851 TGGTGGTCGT GGTGGTGTTC GCCGTCTGCT GGCTGCCGCT GCACGTCTTC 
901 AACCTGCTGC GGGACCTCGA CCCCCACGCC ATCGACCCTT ACGCCTTTGG . 
951 GCTGGTGCAG CTGCTCTGCC ACTGGCTCGC CATGAGTTCG GCCTGCTACA 

1001 ACCCCTTCAT CTACGCCTGG CTGCACGACA GCTTCCGCGA GGAGCTGCGC 

1051 AAACTGTTGG TCGCTTGGCC CCGCAAGATA GCCCCCCATG GCCAGAATAT 

1101 GACCGTCAGC GTGGTCATCT GA 
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Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2Xa) for the following reasons: 

1. Claims Nos.: 5-8 ,12-16 

because they relate to subject matter not required to be searched by this Authority, namely: 

Claims 5-8 and 12-16 relate to methods of treatment of the human 
or animal body by therapy (c.f. PCT, Rule 39.1(iv)) : 
Nevertheless, a search has been executed for these claims. The 

search has been based on the alleged effects of the compounds. 

2. Q Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of hem 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
see next sheet 



1 . Q As all required additional search fees were timely paid by the applicant this international search report covers all 

searchable claims. 

2. ^ As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. Q As only some of the required additional search fees were timely paid by the applicant, this international search report 

covers only those claims for which fees were paid, specifically claims Nos.: 



4. Q No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



□ 
□ 



Remark on Protest 



The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 
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Unity of invention exists only when there is a technical 
relationship among the claimed inventions involving one or 
more of the same or corresponding "special technical 
features", i.e. features that define a contribution which each 
of the inventions makes over the prior art (PCT Rule 13.2). 

Initially, all the subject matters were' included in the 
search. The unifying technical feature was considered to be a 
therapeutic composition comprising the peptide PrRP20 or a 
fragment thereof, such as PrRP8. However, it soon became 
obvious that pertinent prior art exists making it nessecary to 
reconsider the technical relationship between the different 
solutions revealed in the claims. This prior is e.g. WO 
9724436 which discloses a pharmaceutical composition 
comprising PrRP20. 

A search for a new common concept of invention has failed. 
That is, it is not considered to have been shown that a 
unifying concept exists between using PrRP20 in the treatment 
of autonomic functions and in the treatment of pain. 
Therefore, the claims are considered to represent independent 
subject matter, forming lack of unity with each other. Thus, 
the International Searching Authority has arrived at the 
following principle of division: 

Invention A, claims 1-4 (partially), 5-7, 9-10, 12 
(partially), 13, 15 (partially), 16, .17-19 (partially), 
concerns the use of PrRP20 or its fragment PrRP8 in the 
treatment of autonomic functions, such as blood pressure. 

Invention B, claims 1-4 (partially), 8, 11, 12 (partially), 
14, 15 (partially), 17-19 (partially), concerns the use of 
PrRP20 or its fragment PrRP8 in the treatment of pain. 

However, the international search covers both inventions. 
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